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PUP2OSE OF ST:TDY 

An o u t l e t  works s t r u c t u r e  of unusual design wae proposed f o r  Anchor 
Dam wherein two ?€,-inch o u t l e t s  ~ a s e e d  through the dam t o  r e l e a s e  t h e i r  
l o  i n t o  13 f e e t  square by 19 f e e t  deep v e r t i c a l  s t i l l i n g - w e l l s  l o c a t e d  
on the outs ides  of the  sp i l lway t ra in ing-wal l s .  The water from these  
wells  pns red  through notches i n  the t r a in ing -va l l s  and plunged i n t o  the  
pool  i n  tho  s p i l l t ~ a l ,  bucket below. Hydraulic model s t u d i e s  were made 
t o  de t e rn ine  t h e  p r a c t i c a b i l i t v  of the p r o ~ o s e d  des ign  and the f e a s i b i l i t y  
of the v e r t i c a l  s t i l l i n g - w e l l  design pre-riously develo!~ed f o r  another  
s t r u c t ~ m e .  

COXCLUSIONS 

So f a r  as f low co:tditions i n  the  spi l lway bucket and r i v e r  channel 
were concerned (with only the  o u t l e t s  o?eratin,: e i t h e r  s ing ly  or  
s i au l t aneous ly )  the pro!)ustd o u t l e t  des ign  was e n t i r e l y  na t i s fac tory .  

The good performance of the v e r t i c a l  s t i l l i n g - w e l l ,  which was made 
g e o m a t r i c ~ l l y  s i m i l a r  to  t h a t  developed f o r  the Soap Lake Siphon Blowoff 
S t ruc tu re  of the Columbia Basln P r o j e c t ,  makes i t  r e a d i l y  adaptable t o  
t h i s  s t r u c t u r e .  

It i s  recom~nended t h a t  the  proposed o u t l e t  warks d e s i a  be considered 
f o r  Anchor Dam. 

If t h i s  design i s  adopted f u r t h e r  t e s t s  shoulb be conducted on the 
con t ro l  va lve  and o e d a s t a l  t o  i n su re  a dependable f low-re lydat ing  system. 



Anchor Dam is  a s t r u c t u r e  proposed f o r  cons t ruc t ion  i n  a narrow 
V-shaped roclgrcanyon on O w l  Creek, 40 miles west of Thermopolis, Wyoming. 
I t  i s  to  be e i t h e r  a compacted e a r t h - f i l l  o r  a concrete  s t r u c t u r e  of t he  
mul t ip l e , a rch  o r  b u t t r e s s  type r i s i n g  approximately 210 f e e t  abo-re the  
riverbed. It w i l l  provide r e s e r v o i r  s to rage  f o r  i r r i g a t i o n  water and f o r  
f l o o d  cont ro l .  

To avoid c o s t l y  excavat ion o r  tunnel ing i n  the  canyon wa l l s ,  a unique 
a r r a n g e ~ e n t  of the o u t l e t  s y ~ t e m  was suggested f o r  the concrete  u t ruc tu re .  
I n  t h i s  arrangement two 35-inch o u t l e t s  conduits  would Fass  through the 
dam and d ischarge  t h e i r  flow i n t o  v e r t i c a l  s t i l l i n g - w e l l a ,  l oca ted  on t h e  
ou t s ides  of t he  spi l lway t ra in ing-wal l s .  Water f lows from the s t i l l i n g -  
we l l s  through notches i n  the t reining-walls  and f a l l s  30 f e e t  i n t o  the  . 
bucXet of the  spi l lway.  Each o u t l e t  would d.ischarge 225 second-feet of 
water  at a nor~nal  head o f  162 f e e t  g iv ing  a t o t a l  o u t l e t  capac i ty  of 450 
second-f ee  t. 

Wdrau l i c  model t e s t s  were made p r i m a r i l y  t o  determine i f  the  water 
f a l l i n g  from the  s t i l l i n g - w e l l s  i n t o  the spi l lway bucket would produce 
eddies  i n  aqd in!nediately downstream from the  sp i l lway bucket,  which would 
cause excessive scour i n  the  r iver  channel and carry r iverbed  n a t e r i a l -  
i n t o  the  bucket .  Addit ional  t e s t s  were made t o  i n v e s t i g a t e  the  a d a p t a b i l i t y  
of t he  v o r t i c a l  s t i l l i n g - w e l l  des ign  t o  t h i s  s t m c t u r e .  

THX I~IODEL STUDY 

Descriptio-d Ooeraticn of Model 

A 1:10 s c a l e  r a t i o  was s e l e c t e d  f o r  the  nodel of t he  *reposed o u t l e t  
s t n ~ c t u r e .  The model was contained i n  two adjo in ing  wooden boxes l i n e d  
with sheet  a e t a l  (Figure 1 ) .  The water en te red  the  f i r s t  box through a 
v e r t i c a l  &-inch standard p ipe  which t e rmimted  i n  a 2-1/2-foot l eng th  of 
3.6-inch-diarnoter shee t  i-iettzl g ipe  represent ine,  t he  36-icch s u r ~ ~ l y  p i p e  
proposed f o r  the ~ r o t o t y p e  s t n ~ c t u r e .  A 1-foot square opening i n  the  s i d e  
of thin box represented the 10-foot square notch i n  each of the pro to type  
spi l lway training-walls .  Water flowed through t h i s  opening and f e l l  i n t o  
t h e  pool  i n  the  spi l lway bccket  which was cons t ruc ted  i n  the. second box. 
The spi l lway bucket of the type used f o r  Angostura Dm was forned of 
concre te  acreeded t o  n ~ e t a l  t e r ~ l a t e s .  The cen te r  of curva ture  of the 
bucket and the c e n t e r  of t he  discharge notch were on the sane v e r t i c a l  
l i n e .  The equiva lent  of 60 f e a t  of the 90-foot wide bucket was included. 
Scud was placed  i n  the box downstream from the bucket l i p  t o  r e p r e s e ~ l t  
r iverbed  ma te r i a l .  Water was supplied t o  the  model by t h e  c e n t r a l  
Laboratory system which contained v e n t u r i  meters f o r  de t e ra in ing  the r a t e  
of flow. The depth  of water  i n  the bucket and r i v e r  channel was c o n t r o l l e d  
by t i  t a i l g a t e  placed at the  extreme lower end of the model. 



cons i s t ing  mainly of v i s u a l  obsorvationa of flow condi t ions  i n  the  s t i l l i n g -  
we 11, e p i l  lwny bucket and r i v e r  chnnnel immediately downe t ream. 

Flow Condi P. iona i n  ail lway Bucket and River  Channel 
a 

The i n i t i a l  t e a t s  concerned the  flow condit ion5 i n  the  spillbTay bucket  
and r i v e r  channel downstream and t h e i r  e f f e c t  uyon the  moeenent of r ive rbed  

r" mater ia l .  A l l  t e s t s  were made f o r  the condi t ion  of no f low over t h e  
spi l lway,  s ince  the o u t l e t s  would be used mainly f o r  r e l eae ing  i r r i g a t i o n  
water  when the r e s e r v o i r  sur face  i s  below the  c r e s t  of t he  spillway. 
f,!oreover, t h i s  condi t ion  produced t h e  g r e a t e s t  drop from t h e  notches i n  
the t raining-walls  t o  the poo l  i n  the bucket g iv ing  the  water i t s  m a x i m u m  
ener,gy content  a s  i t  en te red  the poo l  and the g r e a t e s t  oppor tuni ty  t o  form 
eddies.  

Tests  showed t h a t  f o r  d ischarges  up t o  150 percent  of the des ign  
capaci ty  of 225 second-feet p e r  o u t l e t ,  t h e r e  was no tendency f o r  l a r g e  
eddies  t o  form i n  the bucket and the  water moved on a . d i r e c t  course 
downstream over the bccket l i p  (Figure 2 ) .  The v e l o c i t y  of flow was 
sornewk~t g r e a t e r  toward the  cen te r  of ' the sy i l l t rny  than  along the t r a in ing -  
w a l l .  This was due t o  the tendency of water  t o  p i l e  up i n  t h e  c e n t e r  of 
the  pool because of the  forward motion of t h e  i s su ing  j e t .  A n e g l i g i b l e  
amount of r iverbed  me.teria1 WRR dislodged by the  water  and none was c a r r i e d  
uvstream i n t o  t h e  bucket. 

The preceding t e s t s  were mrde us ing  a s i n g l e  o u t l e t  and an equiva lent  
sp i l lway width of 60 f e e t .  Since t h e  proposed width of the  pro to type  
spi l lway was 90 f e e t ,  each o u t l e t  w i l l ,  i n  e f f e c t ,  dischfirge i n t o  45 f e e t  
of the bucket  pool  when both a r e  i n  operation. To represent  t h i s  condi t ion  
with the s i n g l e  o u t l e t  i n  the model, a p a r t i t i o n  was p l ~ c e d  i n  the bucket 
normal t o  the a x i s  of t h e  dam at an equiva lent  diskence of 45 f e e t  from 
the t r a i n i n s - v s l l  ( ~ i g u r e  2).  Operation of the  model shoved no apprec iable  
change from the nrevious t e s t s  i n  tphe flow  condition^; i n  t h e  pool  o r  river ' 
channel. The v e l o c i t y  of the  water f lowing downstrerun was s l i g h t l y  g r e a t e r  
than c rev ious ly ,  due t o  r e s t r i c t i n g  t h e  width of the  bucket. However, the 
sccur w a s  n e g l i g i b l e  and no r iverbed  mater in i  was c a r r i e d  upstream i n t o  
the  bucket. 

Frcrn these tes t . ,  i t  was concluded t h a t  i n ~ o f a r  as thb flow cond i t ions  
i n  the spi l lwav bucket and r i v e r  chnnnel ware concerned, wi th  the  o u t l e t 8  
only o p e r a t i n ~ , t h e  progosed o u t l e t  design was e n t i r e l y  f e a s i b l e .  

Study of t h e  S t i l l l w - w e l l  
Q 

A second study ccncerned the p o s s i b i l i t y  of u s ing  a previous ly  
developed v e r t i c a l  s t i l l i n g - r o l l  as an energy d i s s i p a t e r  f o r  t h e  Anchor 
D a n  o u t l e t s .  
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The ef fec t ivenens  and r o l n t i v e l y  small s i z e  of the e t l l l i n g - w e l l  
developed i n  the Hydraulic Laboratory f o r  the Soap Lake Siphon Blowoff 
S t ruc tu re ,  Colurnbia Basin P ro jec t ,  Washinqton, made i t  i d e a l  f o r  t h i s  
o u t l e t  a r r a~gemen t .  Accordingly, a geometr ical ly Similar well  13 f e e t  
square and 19 f e e t  deep w a g  included i n  the model. The s i z e  was s e l e c t e d  
so t h a t  the  average upward v e l o c i t y  of tho water i n  the w e l i  would be 
the same as t h n t  f o r  t h e  Soap Lake Siphon Blovoff S t ruc ture .  A pedgata l ,  
equivalent t o  72 inches i n  diameter and 15 inches high, k ~ i n g  a 90 
r ight-clrculru.  cone with n base diameter of 36 inches centered on i t ,  
was placed i n  the cen te r  of the f l o o r  (Figure 7). Water en te red  through 
a v e r t i c a l  pipe which t e rn ina ted  i n  the  cen te r  of the wel l  36 inches 
(prototype)  above the f l o o r  pedes ta l .  The g o a l t i o n s  of the pipe ex i t  
rsnd coce were se l ec t ed  so t k n t  the flow c h a r a c t e r i o t i c s  i n  subsequent 
t e s t s  would represent  those whic21 might be obtained wi th  EI c o n t r o l  valve 
of the Howell-Bunger type f u l l y  opened and placed at the  end of the supvly 
linu. 

Tests  showed that the  action of t h e  s t i l l i n g - w e l l  was good (.Figure 4 ,  
A and 3 ) .  A r a l a t i v e l y  t r anqu i l  water  sur face  ex iu ted  i n  the  we l l  and 
the flow l eav ing  through the notch i n  t h e  t ra in ing-wal l  took  lace smoothly 
and evenly. The ?erf ormence of the veil appeared e n t i r e l y  s a t i s f a c t o r y  for 
the propoaed s t ruc tu re .  It wc~uld be w e l l  t o  p o i n t  ou t ,  however, t h a t  before  
a couple t e l y  s a t i s f a c t o r y  regdlntinir: eys  t en  could be aesured f o r  the o u t l e t ,  
f u r t h e r  model t e s t s  of ti:e c o n t r o l l i n g  device will be required. 









A .  View through diecharge opening. Flow of 225 aec-f't . 

B .  Water eurface i n  wel l .  Flow of  225 sec- f t .  
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